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SUMMARY

The strength of representative types of jbush-riveted
joints has been determinedby testing 865 single-shearing,
double-shearing, and tensile specimens representing 7
types oj rivet and 18 types of joint. The results, pre-
sented in graphicform, show the stress atfailure, type of
failure, and dlt ratio. In general, dimpled joints were
appreciably stronger than countersunk or protruding-head
joints, but their strength was greatly influenced by con-
structional details. The opttmum d/t ratios have been
determinedfor the several kinds of joints. Photomacro-
graphs of each type show constructional details and, in
severalinstances, cracks in the sheet.

INTRODUCTION

Aluminum-alloy sheet metal fastened by rivets is
widely used as an exterior “skin” or plating on modern
aircraft. The performance of aircraft depends to some
extent on the smoothness of this skin because protu-
berances and irregularities cause frictional resistance.
Protruding rivet heads are known to be an important
source of skin friction both in air (references 1, 2, and
3) and in water (references 4 and 5). This considera-
tion has caused manufacturers to use various “flush”
rivets, that is, rivets the manufactured head of which
is virtually continuous with the adjacent sheet.

Many highly ingenious designs and techniques for
flush riveting have been developed. Generally a
recess is formed in the sheet by either countersinking or
dimpling to fit the manufactured head of the rivet.
By countersinking is meant the removal of metal at
one end of the rivet hole to form a circular bevel.
Dimpling consists in forming an indentation in the
sheet by means of suitable dies applied by pressure or
impact. Dimpling is used to a greater extent than
countersinking in thin sheets but, where sheets are
joined to a relatively thick structural member, the
sheet is often dimpled and the member countersunk.
Details of flush-riveted joints used in German aircraft
me given in reference 6. Reference 7 describes an
American manufacturer’s production methods of flush
riveting. Tools for drilling, dimpling, countersinking,
and heading in flush riveting are described in reference 8.

The procedure and the assumptions used in the
design of protruding-head or countersunk-head riveted
joints for aircraft are substantially the same as those

used for decades in the design of other riveted engineer-
ing structures. An adequate concept of the strength
of dimpled joints cannot be obtained on this familiar
basis, however, because a considerable portion of the
load on a dimpled joint maybe transmitted through the
bearing surfaces of the dimple without acting on the
rivet. Dimpled rivets are of great importance in mod-
ern flush riveting; a wide variety of constructional
details ~d fabrication techniques are used. Conse-
quently, a large amount of systematic test data would
be required to put the design of dimpled joints on a
basis as rational as the regular procedure for designing
protruding-head and countersunk-head riveted joints.
Although most manufacturers have made tests of the
type of flush rivet used in their particular aircraft,
technical literature contains little information useful in
designing flush-riveted joints. It is the object of this
investigation to obtain and to make available such inf or-
mation. The work was carried out by the National
Bureau of Standards at the request of the National
Advisory Committee for Aeronautics.
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SPECIMENS

GIHVERM,

for”making photo-

Seven airplane manufacturers and the Naval Air-
craft l?actory cooperated by fur&Aing specimens rep-
resentative of commercial production. Each manu-
facturer fabricated specimens according to his own

production methods. In addition two groups of speci-
mens were fabricated at the National
ards, using special-oval-countersunk

Bureau of Stand-
and brazier-head
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rivets. Although these specimens are not strictly flush-
riveted joints they were included because they represent
alternative types that are sometimes used; the brazier-
head specimens also permit a comparison with a con-
ventional protruding-head type.

DESIGN

A standardized series of single-shearing, double-
shearing, and tensile (load parallel to the rivet axis)

specimens was used. A schematic load diagram for
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FIGURE1.—Schematic diagram of specimens showing loads.

each kind is given in figure 1; drawings of the specimens
are given in figures 2 and 3. The specimens were made
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as elementary as possible to permit an easy comparison
between the dif7erent types of rivet.

Tensile specimens were included because it is obvious
that some resistance to pulling the rivet heads out of
the sheet is required, notwithstanding the assumption
by many designers that the strength of a rivet under
tensile load is negliiib]e. Severe conditions of tensile

loading would probably more often result from accident
than from design. Portions of the plating of aircraft

have been known to tear off when through accident
the interior surface of the plating became exposed to
the dynamic pressure of the air; the loading of a
single-shearing joint (fig. 1) to failure is generally
accompanied by bending of the offset members and
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FIGURE3.—Tensile specimens.

resultant tensile loading of the rivet; local buckling of
sheet often exerts prying forces on the rivets.

The shearing specimens (fig. 2) consisted of over-
npping strips of. sheet fastened by single rivets. The
expression for the width W shown in figure 2 gives a
constant ratio of net cross-sectional area of the sheet
at the livet to the area of the rivet. The double-
shearing specimen was left optional. The specimens
were held in the testing machine by pin connections
as shown in figure 4. In the type of single-shearing
specimen used the deformation before failure of the
sheets is believed to be greater and the conditions of
loading more severe than if two or more rivets had
been used in tandem or two abutting sheets had been
riveted to a third sheet.

The tensile specimen (fig. 3) consisted of two square
sheets riveted together at the center. Each sheet was
bolted to a flange (fig. 5) which was connected to the
testing machine. Specimens having diiferent rivet
diameters were geometrically similar in the plane of the

407300”-41-31

:heets; therefore the results are directly comparable if
;he” d/t ratio is the same. The results of all tensile
bestsof riveted joints necessarily depend on the design
>f the specimen and the fixture; the results obtained
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in. this investigation are therefore not directly compar-
able with results obtained by other methods. Tensile
tests of protruding-head riveted joints are reported in
reference 9. The specimen used in the present inves-
tigation was of the same design.



.— — —— .— -—-—

470 REPORT NO. 701—NATIONAL ADVISORY COMMITTEEFOR AERONAUTICS

DESCRIPTION AND MACROSTRUC’f!UBE

AU manufacturers submitted single-shearing and
tensile specimeris; some manufacturers also submitted
double-shearing specimens. Each manufacturer is
designated by a letter: A, B, C, D, E, F, or G. The
Naval Aircraft Facto~ is designated by NM? and
the ?Sational Bureau of Standards by NBS. Cross-
sectional drawings of the joints are shown in figure 6.

National Bureau of Standards. The specimens selected
for photomacrographing were one having the greatest
and one having the least d/tratio for each type. In
order to determine whether the sheet was radially
cracked at the rivet hole two additional specimens of
each type of dimpled joint were sectioned at a plane
normal to the rivet axis and intersecting the dimpled
sheet at the edge of the rivet hole on the convex side.

12

24

22
25

XTOWS.

I. Dimensions are mrdtipk of the diameter (d) unless accompanied by inch symbol (“)
2. Proportions of type 6 rivets vw slightly in different sizes.
3. Proportions of type 3 rivet were aveilnble for only the %-inch size.

. FmmE6.—’Pypes of rivets and joints.

Each type of rivet is shown in the first vertical column.
The respective types of joint for which each rivet was
used are shown crosswise of the figure. The types of
rivet are identified by one-digit numbers. The types
of joint me identified by two-digit numbers of which
the fit digit identifies the rivet and the last pertains
to the type and the construction of the joint (single-
shearing, double-shearing, dimpled, countersunk, etc.)
as given in table I.

The joint numbers, number of specimens, and the
materials are given in table II.

In order to determine the constructional details and
the occurrence of cracks, specimens were sectioned
through the rivet and photomacrographs (figs. 7 to 11)
were mace by the lhletalhrrgical Division of the

Cracks, shown in figure 10 (b), were found in only one
specimen, type 21.

The following description of the specimens contains
a summary of each manufacturer’s statement regarding
his specimens followed by other information obtained
horn an examination of the specimens.

TABLE I.—MEANING OF SECOND DIGIT IN JOINT
NUMBERS

1
2

i

mble
armg Meaning I

5 All sh$mtsdimpled.
6 Machure countersunk.
7 Protruding brazier head.
8 I sheet dimpled, 1 sheet machino

countersunk.
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Manufnetnrcr Joint
type

A. . . . . . . . . . . . . . . { ;~$

B.-.. .-.. -....- { ‘:;

0 . . . . . . . . . . . . . . . 31,36

D . . . . . . . . . . . . . .

EL. . . . . ..-. .. .
{

21,E

24,z

F. . -------------
{ ii

G . . . . . . . . . . . ..- { ;;

NAB . . . . . . . . . . . 41,45

NBS.. ------- 63,67

72,76
72,76

Q“-@l---------

TABLE 11.—TYPES, MATERIALS, AND NUMBER OF SPECIMENS

Rivets I Sheet I Footnotes

Materfel Speci6rati0n Material Specification Rivets

A17ST -------------------------------- AlcladXST --------------------------------- 6
24ST---------- 57-152-5----------- AlcladUST --------------------------------- 1

A17ST ---------- AN425AD . . -------- MST------------------ 11666-------------- :
A17ST ---------- AN455AD ---------- UST..-...-- . . . ------- 11066--------------

A17ST- . . ..--...l...----- . . ..----...---l -UcladXST.-..-------\-- . . . ..----.------..--l 6

17ST------------ AN425D. .- . . . . . ---- Afded24ST----------- 11067---------------- 3
A17ST ---------- ---------------------- %ST------------------ ----------------------
A17sT -------- ---------------------- UST------------------ ---------------------- :
A17sT ---------- ---------------------- MST------------------ ---------------------- 6

17ST---------------------------------- MST------------------ ----------------------
17ST---------------------------------- MST---------------------------------------- :

A17ST . . . ------ 25526A------------- Afclad24ST--------- 11067---------------- 2
24ST----------- 25526A-------------- Alc1ad24ST----------- 11067---------------- 2

17ST------------ 46A4---------------- %sl’ ------------------ 47A10--------------- 5

{

XST---...-----...---. 47A101NT ----------

}
A17sT ---------- 43R5rNT -----------

Alclad24ST -----------
24SRT-------.------..

47A8. ---------------
47A101NT ---------- 4

A17sT ---------- 43R51NT ----------- -- .--do ---------------- ----do -------------- 4
17ST..- . . ------- 43R5rNT ----------- --.-.do.-.-----.-.----. ..-. -do-------------- 4

.--.-...---..-..--,--.. -.---.----.----.-.,------.------.-.--.----,---.-.-.---.-.---.--.-,--...-.,

Sheet

6
6

2
2

6

2

;
7

6
6

;

4

4

4
4

--....

Nnmberofspeeimens

Mng]e
!hear-
ing

1:

44
3

18

27

:
------

30
12

30
15

17

66

66
30

-------

Double
‘ensile shear- Totd

@
. — —

6 -------,
1: 6 ------.,

23 ---------- .---!!-,
3 ---------- .-...ti-

34 15 67

18 ---------- 45
2s

3 -.+- -------
11

3 ---------- .---!!-

30 .--------- .---V-
15 ---.------ .---G-

18 6 41

66 24 -------

w 24
30 12 36C

— — ——

.----.- ---------- 365

: Arm specitlmtion forrivet wire.
ziAfr orpsspecIIlsat[on.

$AlrCorpsstondrird(partofAirCorpssPec.25526A).
i Navyspeciflution.
JNavys~c.iflcatimforrivetwire.
6Nospeeiflsationgiven.
zManufoeturcrEstntedthattbeshcetampliedtithAirCorpsSpec.11067(AfcIad24ST)bntthesheetisobvionslynotAlelsd.Believ’edtobe24ST.

Manufacturer A—rivet 6; joints 62 and 66; figures
6and7,—Unincluded angle oflOOO,aslight crown,and
&cylindrical edge were shownin a drawing of type-6
rivets submitted bymanufadmrer A. He stated that
the rivets were driven by hand in machine-countersunk
sheets andikishedwith arivetpeen.

l?igu.re 7shows aslight cretice between themanu-
factured head and thesheet. Such acreviceis saidto
fditatecorrosion by retaining moisture.

Manufacturer B—rivet l, joint ll; rivet 5,joint 51;
figures 6 and 8.—Manufacturer B stated that 78°
countersunk-head rivets conforming to Air Corps
specification 25526-A,Standard Sheet AN425 type AD
were used for most of the specimens (joint 11) and a
few brazier-head rivets, type AN455AD, -were used
(joint 51). All sheets were dimpled. Rivets %, to
742inch in diameter were driven by a pneumatic gun;
rivets of diameters jiS, and M inch were driven by
hand.

l?igure 8 shows that the dimple of type-11 joints was
curved to an unusually large radius, probably to avoid
cracks. The gradual curvature at the dimple intro-
duces a crevice between the manufactured head and
the sheet and also a certain amount of waviness in the
surface of the joint caused by the large diameter of the
dimple. According to reference 6, tests of airfoils
containing a pattern of annular grooves 0.007 inch
deep simulating the crevice between the head of a
%,-inch dmpled rivet and the surrounding sheet show

that such grooves appreciably increase the drag,
even though no part of the rivet projects above the
sheet.

The brazier head of the type-5 rivets is flattened
during driving and becomes approximately flush with
the sheet, as shown in figure .6. Severe shearing de-
formation of the sheets at the rim of the manufactured
head is evident in the type-51 joint. The top sheet has
cracked at this location. This deformation probably
resulted either from poorly fitting dimpling tools or
from excessive pressure.

Manufacturer C-rivet 3; joints 31 and 35; figures
6 and 9.—Manufacturer C stated that his rivets had an
included angle of 100° and a cylindrical edge. They
were driven by a process termed ‘{punch countersirik-
ing” in which the manufactured head forms its own
dimple. A special “one-shot” gun was used. This
rivet and process were adopted after considerable ex-
perimenting. The tools used to drive the rivet were
not described, but it is probable that dimpling of the
sheets and heading of the rivet were accomplished with
the same tools and at the same time. An included
angle of 100° was said to be best for self-dimpling
heads. Heac$ having a smaller angle are extruded into
the hole to some extent and the remaining material is
severely cold-worked to a final shape which may be too
shallow in spite of the greater initial depth. Heads
having included angles greater than 100° are initially
too shallow to have adequate strength and rigidity.
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The purpose of the cylindrical edge on the manufactured
head is to prevent fatigue failure, which had been found
to occur in sharp edges and also to prevent damage in
handling and shipping. The usual type of pneumatic

drive rivets in two or three blows was developed by
manufacturer C. Punch countersinking WM said to
be most satisfactory for sheet thicknesses between
0.014 and 0.064 inch.

FIGIJILE7.—CKI5Ssection of machfnaunte- joints, manufacturer A. The joint numbers (see fig. 6) are shown,

hammer was found to be inadequate for driving this
form of self-dimpling rivet. several powerful hammer
blows were said to give much better results than a
large number of light blows, which work-harden the
rivet unnecessarily and cause radial deformation of the
sheets. A “on-shot” hammer powerful enough to

Cross sections of joints 31 and 35 are shown in figure
9 (a). When self-dimpliug rivets are driven, if the
d/tratio is very low, the compressive stress in the manu-
factured head corresponding’ to the load required to
dimple the sheet becomes so great that a very shallow-
mm~actmed head results. (See fig. 9 (a).)
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The top joint in figure 9 (a) apparently has a crack rivet are shown in figure 9 (d) and (e), respectively.
in the rivet shank, which is shown enlarged in (b). Manufacturer D—rivet 1; joint 11; figures 6 and 8,—

FIGURE8.—Cross section of joints, memrfacturers B, D, F, G, end NAF.

When the shank was again sectioned, as shown in (c),
at 90° to the plane exposed in (a) and (b) no crack was
visible. The deformed and undeformed grains of this

Manufacturer D stated that his 78° countersunk-head
type AN425D rivets were driven by a one-shot gun in
machine-dimpled sheets.
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Figure 8 shows that the radius of the dimple was Manufacturer E-rivet 2; joints 21, 22, 24, 25, and

comparatively short. Practically the full depth of the 28; figwes 6 and 1O.—A drawing of type-2 rivets

manufactured head is in contact with the dimple. The submitted by manufacturer E showed a 78° mtmufm-

IJIGUBE9.—Joints and rivet, msnufactnrer C. (a) Cross section of johrt$ (b) phOtOmicrOgraphOf ~P rivet ~ (a); (c) PhOtimicro-
gmph of same rivet sectionsd at right angles to plane exposed fn (a) and (b); (d) microstmctnre of cold-worked metal in tho
driven head of the came riveti (e) microstructure of the came rivet showing rrndeforrnedgrains.

rivet holes appear to have been redrilled after dimpling. tured head smaller in diameter and depth than type 1.

The drhen head in the lower joint is folded around the All rivets were % inch in diameter. It was stated

edge of the lower sheet. that all sheets in the joint were simultaneously dimpled
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with a special tool in a pneumatic vibrator except in the
case of 0.051- and 0.064-inch sheets which were machine
countersunk. Where sheets of these thicknesses were
joined to thinner sheets the latter were dimpled by

ttier E are shown in figure 10 (a) ~ No cracks are
visible, but when tensile tests were made it became evi-
dent that the sheets of some of the joints were cracked
at the rim of the dimple. Other specimens [fig. 10

‘(vibrating” them into the countersunk recess (types 24
and 28). The sheets in most of the tensile specimens
were unequal in thickness. The thinner sheet was
adj scent to the manufactured head in every case. The
rivets were driven with a squeezer.

Cross sections of four joints submitted by manufac-

..:,-..~~... .. . —

,.
l?IQUBE10.—(a) C&s section of joints, manufacturer ~ (b) radinl cracks in dimpled sheet at edge of rivet fiolq (c) nnd (e) location of emcks

shown enlarged in (d) and (f), respectively.

-

(c) and (e)] were subsequently examined and circumfer-
ential cracks were found. [See also fig. 10 (d) and - ..w
(f).] The two cracks shown are probably the result of
dimpling the sheet around too short a radius in an
effort to obtain a smooth flush surface at the rivet
head.
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Figure 10 (b) shows radial cracks found in the 0.040- the marmftictured head and a 90° angle for the other,
inch sheet of a type-21 joint when sectioned at a plane The 0.102- and 0.125-inch sheets -weremachine countm-
normal to the rivet axis and intersecting the dimple on sunk. The rivets -weredriven by a pneumatic hammer,
the convex side. The sheet sectioned -was adjacent to Manufacturer G-rivet 1; joint 11; figures 6 and
the driven head. 80—~~~actwer G used 78° rivets (AN425AD and

Press Lhven Hummer Driven

Jcde 4d=- ‘
—-. .— . . — .—.

)?xGm+EIl.—Cross section of NBS specialovaf-conntemnnk-head riveted joint.%

Manufacturer F—rivet 1; joints 11 and 12; figures 6 AN425DD, Air Corps Specification 25526-&. It
and 8.—~kfanufacturer F used 78° countersunk rivets was stated that the rivets were driven (not squeezed),
(AN425-D, Air Corps specification 25526-A). Sheets presumably by a pneumatic hammer. The dimples
less than 0.102 inch thick were dmpled with punches shown in figure 8 are formed to a comparatively long
having a 78° included angle for the sheet adjacent to radius.
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NAF—rivet 4; joints 41 and 45; figures 6 and 8,-
The Naval Aircraft l?a.ctory furnished a drawing of their
self-dimpling rivet. It is similar to the brazier-head
but has a larger fillet between the head and the shank.
The rivet hole is drilled with a radius-counterbore drill,
which forms the edge of the hole to fit this filet. A
recessed rivet set (fig. 12) is used at the driven head
and a flat set at the manufactured head. Under the
impacts of a one-shot hammer the shank is upset, the
convex surface of the head is hammered flush with the
sheet, and the sheets are dimpled -ivith the same tools
and at the same time. Three blows are required for
)&inch rivets and five blows for %-inch rivets.

Objectionable” dishing” of the sheet surrounding the
rivet was evident in these joints.

NB8-rivets 5 and 7; joints 53, 57, 72, and 76;
figures 6 and 11.-specisl-oval-countermnk-head
rivets, type 7, and brazier-head rivets, type 5, were used
in joints fabricated at the National Bureau of Standards.
Specifications for these rivets me included in Navy
Department Spec%cation 43115c (designated types 1

OF FLUSH-RIVETED JOINTS 477

and 2, respectively, in that specification). The cro~
of the type 7 rivet has a }fz-inch depth for all sizes and
the included angle of the head is decreased with increas-
ing diameter. The sheet was machine countersunk.

\

““Shee f

----Rivet se+

FIGURE12.—TooIs for driving NAF rivets.

1“~
,. “ .- .—-- .,=. .— . . . r.“

y ‘
$& .k -L-/ .-+/ >’L.- ‘ ,!

.’>
..’,

FIGWBE13.—Fmture used to drive NBS rivets by compressive loading iG a testiig machine.
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FIGURE14.—Drop hammerused to drive iNBS rivets. The Spesimm A fs ~uped
to the alhdng frame B that slips over the fixed rivet set C. The movable set D
fs connected ta tbe anvil E. The hammer F is raised to a predetermined height
indicated on the graduated guide tube G nnd released. The weight of the suPPort
His large compared with the weight of the hammer.

The rivets were sawed to a length equal to the grip
plus a head allowance of 1% diameters. Two methods
of driving were used, pressing and hmnmering. The
load was applied to the press-driven rivets in a hy-
draulic testing machine (fig. 13). The diameter of the
driven head was made l% times the shank diameter.
The driving stresses used were 150,000 pounds per
square inch for A17ST and 175,000 pounds per square
inch for 17ST rivets. The drop hmnmer (fig. 14) was
used for the hammer-driven rivets. l?ive equal blows
were used for each rivet. The height of drop, given in
table III, wrusexperimentally determined in advance to
produce a diameter of driven head 1% times the shank
diameter. This method of hammering was odopted
because it gives controllable and reproducible conditions
of driving.

TABLE 111.—V7EIGHTAND FALL OF DROP HAMMER

Rivet diarn. E:eygn&r
eter (in.) Fall (ft)

(lb)
—.— ———

5 1.0
St:
%; : ;:

20

SQecird-oval-countersunk-head rivets are also used in
dti~led sheets, as specified in Naval Aircraft l?actoly
Process Specification PR-la for Sunken Rivet Construc-
tion in Bottom Plating of Main l?loa.ts. In this case
the dimple is of such a depth that the top of the mrmu-
fa.ctured head is flush with the surface of the sheet
outside the dimple. Joints of this type vvem not
tested in this investigation. According to tests re-
ported in reference 4, this construction offers no llydro-
dynmnic advantage over a dimpled or a countersunlc
joint in -which the crown of the head projects beyond
the adjacent sheet.

MEcHArucu PROPER~ESOFSHEETANDRXVETmm

Samples of the sheet used in the joints were submitted
by most of the manufacturers. Tensile specimens
conforming to Type 5, 11’ederalSpecification QQ-LNl.-
151a for lhletals-Generrd Speciilcation for the Inspec-
tion of—were machined from these samples and tested
with the results given in table IV. The yield strength
was determined by the offset method from the stress-
strain diagram using a 0.2 percent set. The tensile
properties of all the 24ST sheets for which samples
were available complied with the requirements of
United States Army Specification 57–152-6 Type II
and ~avy Department Specification 47A10a, Condition
T; the tensile properties of the rdclad 24ST sheets
complied with the requirements of United States Army
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Air Corps Specification 11067, Type II and Navy
Department Specification 47A8a, Condition T. In
several instances where samples were not provided
subsize specimens -were tested having a l-inch gage
length and a reduced section j$inch wide. These
were machined from shearing specimens of joints that

had been tested. These results are also given in table IV.
Bend specimens conforming to l?ederal Specification

QQ-~-151aPar.lsb~veremactied from samples of
all the sheet used. The bend properties of all the sheet
complied with the requirements of these specifications
under tensile properties.

TABLE IV.—TENSILE PROPERTIES OF ALUMINUM-ALLOY SHEET

Manufacturer

I
Sheet Yield

;bicic)ess Stfm::h

in.)
— —

rensife

trength
(l;l;rl

E1orrgn-
tion in
2 in. Remarks 1

percent)

Material

AMsd
24ST-----------

A--------------- 0.032 41,300
.040 45,500
.051 40,m
.064 41,800
.072 43,200
.102 42,200
.128----------
.162 42,000

7 —46,300
.025 46,000
.032 47,800
.040 45,700
.051 46,600
.OM 45,900
.061 46,100
.102 46,500

63,200
65,800
63.200
64,700
64,000
65,000
--------
63,600

18%

;:
20).4

%4
-------- Not snbmittcd.

2!2

24ST---------------B..---. . . . . . . . . .

21 I

c...--------- Aklad
24ST-..- . . . . . ..-.-.

.03!! 43,600

.051 41,900

. 0s4 41,200

.090 42,200
— —

.016 43,400
. . . . . ..- 45,300

.025 44,500

.032 44,400
--------- 40,700

.050 43,700
. . . . . ..- 42,100

.064 41,200
,-------- 41,400
. —

62,800
64,000
63,500
65,COO

20
21

D-.. ________ Aldad
24ST---------------

24ST------.-..--.-.

&
16%
16%
18%
19
19%
19
19%

-. . . . . . .
20~--

Submitted with shearing specirrrerrs.
Submitted with tensile spe&merrs.
Submitted with sirearinzspecimens.

Do.
-.

Snbmitted with tensile specfrmms.
Submitted withs hc+ing specimens.
Snbmitted with terrsdespecimens.
Submitted wjtb shearing speeimens.
Submitted with tensile s~cimo~.

No specimen a~ailable.
Subsize-longitndjna].

E... .. . . . . . . . . .020 ----------
.025 45,500
.032 S3,600
.040 46,200
; ~1 .-3i-Ebb..

&
.-------No specimen available.

21 Subsize-longitudinal.. -
.025 45,400
.032 43,800
; g: 45,000

53,100
.064 44,900
.102 46,200
.125 49,100

. —

F.- . . . . . . . . . . . . . 24ST------------- 3’ I‘“’%$!
ii iii

Subs@-longitudhre].
% Subs]ze.
22
19

16M
17
18%
17%
17
18
18
18

G_ . . . . ..__.. Alclad
24ST--------------

.016
-------- .

.020
---------

.02s
--------.

.032
---------

.040
........- -

05,364
65,000
03,800
65,300
62,800

NAB.. _....._

NBs .. ..--.__

24ST.. . . . ------- .032
--------

.040

.051

.064

41,364
41,600
41,300
41,8Q0
40,400

24ST-----------
RT.---..---------
T alclsd -..--.----
T-----------------
RT.. .-.--- . . . . . . .
~ alclad----------

— —
.032

.-.---..-
---------

.051
---------
---------

.081 I.1-----------------
RT---------------
T alclad ----------
T.---.--------...-
RT...-.-------...,
Talclsd-.-------..,

--------- 1.--------
.102

-----.-.-
. . . . . . ..-

1The length of the specimen was transverse to the direction of rol~mg (transversal) unless the specimen is denoted “longi-
tndimd.” The orientation wns determined by inspection.
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Tensile and bend specimens of the aluminum-alloy made were tested. The results for the tensile speci-

wire from which the types 5 and 7 NBS rivets were mens, given in table V, complied with the requirements
of Navy Department Specification 431t5c. The bend“T’ABLE V.—TENSILE PROPERTIES OF WIRE FROM . . .. .

WHICH NBS RIVETS JVERE MADE

Rivet Yield Tensile Elo:~~ .
diimeter stren@h

{in.) l.%%%) (lblsqin.) (pereent)

A17ST

2s, 560 46,200 34.8
!:2 23,560 44,260 33.2
;6 26,400 45.900 32.7

24,700 46.000 33.8

17ST

% 34,360 53,766
%2 33,400 57,560 ?%
p 36,70fl 61,360 29.2

37,3JI0 62500 36.3

specimens also compiled.
Samples of wire representing the rivets used by the

manufacturers were not available.

DIAMETER OF DRIVEN HEADS

The diameter of the driven head was measured on
each of the joints submitted by the manufacturers to
determine what diameter was considered adequate
by manufacturers and to aid in interpreting the results
of the tensile test. The minimum, the average, and
the maximum diameter, expressed as a multiple of the
nominal shank diameter, is given in table VI for each
size of rivet used by each manufacturer.

TABLE VI.—RATIO OF DRIVEN-HE~ DIAMETER TO NOMINAL SHANK DIAMETER

I
Sb8n~diametir~m.)

1
%2 % %2 %0Manufacturer R

:fk&- Aav:- .Mh& Mird-

T >

Aver- Msxi- MirlG $or- gfm- :#1:- Aa&P Maxi- M~i- Aa&I- ~u~
mum age mum mum mum mum

— — — — — — — — — — — — — —

A.. . . . . . . . . . . . . . --.----- --i-i7-- --i: Ek-- :. L60 1.52 1.57 1.67 “ L 47 1.66
B--------------- 1.53 1.66 k; 1.43 :6#

:g ..i.ti-- .-i.iG.. --------
1.79 1.42 *3

c--------------- 1.61 1:89 : ;2 L 67 ~g 1.82 L 62 1.88
r)-------------- L 62

1.72
L 78

2:05 . . . . . . . . . . ..-. ..!!:..

E...-..----.---- -------- . . . . . . . . ..-:---- ?E
L80 L 49 1:55 L 68 -------- . . . . ---- -------- -------- ----------------

L 71 L 92 --iiB-- -.i.6;-- ..i:iz.. ..i::b.. .-i. i3-- ..i.fb.. -.i..ti.. .-i-ib.- ..riy -
F--------------- ------- . .i--ti.. ..i-fi.. L 62 L 70 1.33
G--------------- L52 : ;3 L44 i 58
N-4F .. ..- . . ----- -------- . . . . ---- -..:..-. ::;

L 59 L 66 -------- . . . . ..-. . . . . . . . . --.:... - .-.: . . . . . . ------
1.52 L 28 L 49

NBS 1---...----- -------- -------- -------- . . ------
1.62 . . . . ---- ------- ..-...-. . . . . . . . . ..rio.- --------

1.50 -------- -------- 1.50 -------- -------- 1.w -------- . . . . ---- . . . . . . ..-

head diameter_
1NBS rivets were driven nnder rontrded pressure or impacts such t~t~bnk dbmeter – L 56, with~ *5 Perwnt.

TESTING

The shearing and the tensile specimens were loaded
to fracture as shown in figures 4 and 5, respectively,
and the maximum load was determined. For each
combination of sheet thickness and rivet diameter in
the joints submitted by the manufacturers, 3 or 4
like specimens were tested. l?or each such combination
in NBS joints, 15 specimens -were tested: namely, 1
using each of 3 sheet materials (24ST, 24SRT, alclad
24ST) in each of the following 5 groups: 17ST rivets,
type 7, press driven; A17ST rivets, type 7, press ~ven
and hammer driven; A17ST rivets, type 5, press

driven and hammer driven.

RESULTS

GENERAL

The strength of the single-shearing, double-shearing,
and tensile specimens is plotted (upper series of points)
against the d/t ratio in figures 15 to 38, inclusive.

The shearing stress at failure & was computed by
dividing the maximum load ~ by the nominal cross-
sectiomd area of the rivet for the single-shearing
specimens and by twice the nominal area for the double-
shearing specimens:

&=$ for shgle-shearing specimens

(1)

Ss=>~ for double-shearing specimens

The tensile stress at fdure was computed for the
tensile specimens by dividing the maximum load by the
nominal cross-sectional area of the rivet. In the com-
putation of the dlt ratio the average of the measured
thiclmesses of both sheets was used for the single-
shezuing and the tensile joints except where the two
sheets were not of the same nominal thickness (types 21,
22 and 24). In this case the lesser thickness was used.
Either the average thickness of the outer sheets of the
double-shearing joints or half the thickness of the
inner sheet, whichever was the lesser (t~fn) was used.

The bearing stress at failure may be estimated from
the curves shown in the plots of shearing strength.
These curves are drawn for constant values of bearing
stress

sb=~t for single-shearing specimens

(2)

&.=—zd~ ~.for double-shearing specimens
m
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F10~E15.-Twt rwulkfor singlc-shearfig mdtinsile specimens, mantiactmer A. Points intheupper series indieate thestress at fafIure. Directly below eaehoftbesea
corresponding point is shown to indicate by number and letter symbols the rivet diameter in units of% inch and the type of faifrrre(table VII), respectively.

d
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~IOIJBE16.—Test results for double-shearing specimens, manufacturer A.

They were calculated by eliminating P from (1) and
(2) so that

6’b=~ ~ S. for single-shearing specimens

(3)

sb’~ ~~ S, for double-shearing specimens

The lower series of points in figures 15 to 38 indicates
the rivet diameter (number= diameter in thirty-sec-
onds of an.inch) and the type of failure. @’or meming
of symbols see table VII). Each point in the lower series
corresponds to a point in the upper series plotted
directly above it. Corresponding points in the two
series can be identified by the similarity of their
position with respect to other points. I?or example, in
figure 15 the single-shearing specimen having the
greatest strength is one of a group of three whose d/t
ratio (abscissa) is 1.5. The ordinate of this point is
S,=47,500 pounds per square inch. Interpolation
between the curves S~=40,000 and 60,000 pounds per
square inch shows the bearing stress at failure to be.
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FIQURE17.-
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\ \\ \ ‘OEEEz=
111~11111

0123456 7
d

T
-Test resufts for sirrgk-shearingand tensile specimens, manufacturer B.

%h50bdeh [m
I ! I I I I I I

012345 67
d
T

Points in the upper series imfierke the stress at faflure. Directly below each of these&
emrespondfng point is shown to indicate by number and letter symbok the rivet diameter in units of )32 inch rind the type of fnflure (tnbIo VII), respectively.

about 55,OOOpounds per square inch. The highest
point in the lower series shows that the rivet diameter
for this specimen was %2or %tjinch and the specimen
failed by type j which is shearing of -the rivet shank
(from table VII).

The Vickers number was determined on the manu-
factured head of some of the rivets used by manufac-
turer F to determine whether the six rivets in the type-
12 joints that had low strengths (o?/t=1.5, three single
shearing and three tensile, fig. 24) also had low Vickers
number. The Vickers number of these six rivets was
found to be appreciably lower than the Vickers number
of the other rivets used by manufacturer F. This re-
sult may be indicative of a rivet alloy other than
17ST or of improper heat treatment of these six rivets.

TABLE VII.—DESIGATATIOhT OF TYPES OF FAILURE

Letter Meaning

a-....--.-------.- Rlvet canted a preciably in direction of Ioadiig.
xb------------..-- Mannfactured ead pnRed through sheet.

c--------------- Driven head pulled through sheet.
d---------------- Sheet tore at msnufactnred head.
e---------------- Sheet tore at driven head.
f-...----, --------- Inner sheet tore (doubl@wr@rrg joints).

t;”;::::::::::::::
#wsh=tru@uRdat cmrrmfemm=sof dimple.

srt or CRof mermfactured head sheered from shank.
i---..----.-.--.-- Psrt or aff of driven head sheared from shank.
i----------------- E?vet shsnk sheared.
k---------------- Rwet sbenk crushed, ultimately failed by shearing.
1...----..-.----.- Rivet hole in an outer sheet elon ted, sbsnk canted and failed

rwith iagged tearirr$frecture un er combined sheering, tensile,

@ding’’ndkr’~Tt-”m---------------- Rwet shank faded wt tensde fracture.

Typical failures of shearing and tensile joints are
shown in figure 39. When the strengths of different
types of joints are compared, it should be remembered
that

(a) The same alloys were not used in all joints.
(b) The range of d/t is not the same for all groups,

although in most cases the ranges overlap each other.
(c) The plotted results exhibit considerable scatter

in some cases.
(d) The trend of curves representing the strength

of different types of joints may be different.

SINGLE SHEARING

Figure 40 is a diagram summarizing the test results
for all single-shearing specimens. Average strengths
for like specimens were used in plotting this diagram.
The lines indicate, for a given dlt ratio, the upper and
the lower limits of the shearing and bearing stresses at
ultimate load for each class of joint. For simplicity,
all types of dimpled joints are grouped together in ono .
class.

The lines designated by numbers in figure 40 may
be interpreted as follows:

(1) Designates scattered points that appear anoma-
lous for no obvious reason. The range of djt was gener-
ally too limited to establish the trend of a line repre-
senting these points.
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FIGURE18.—Test results for single-shearing and ‘tensile specimens, manufacturer C. Pointc in the upper series indicate the stress at failure. Directly below each of these a
corresponding point is shown to indkate by number snd letter symbols the rivet diameter in unifi Of% inch ~d thOtYPe Offa~~e (tible ~), resP~tiveb.

FIGURE19.—Test resultsfor double-shearing specimens, manufacturer C

(2) A horizontal line indicates that the shearing stress
k critical and shows the range of d/t for maximum
ultimate shearing stress.

(3) A vertical line indicates that the bearing stress is
critical and shows the range of d/t for maximum uMi-
mate bearing stress.

(4) A line showing decreasing ultimate shearing stress
with increasing ultimate bearing stress indicates that
both shearing and bearing stresses are critical. In this
transitional range of d/t, neither the ultimate shearing
stress in the rivet nor the ultimate bearing stress in the
sheet attains its maximum possible value.

(5) A line showing decreasing ultimate herring stress
with increasing dlt ratio at the greater values of dlt
probably reflects buckling of the sheet before tearing
failure occurs.

(6) A line showing decreasing ultimate bearing stress
with decreasing d/tratio for dimpled specimens probably
reflects the decreasing ‘(keying eflect” of the dimple for
joints employing self-dimpling rivets (types 31 and 51)
as dlt is decreased below a critical value. The dimple
tends to become shallower as d/tis decreased.

The lines described under (5) and (6) are rather doubti
fully defined by the data, because they stand at the
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FXGOEE!b3.-Test results for sbrgk-shemirrg spesirnena, manufacturer D.
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FIGUBEZ5.-’kst results for single-shearing specfmens, mmrufnoturerG.

I I
Mfr. E

o loirrf 21, equol sheet thicknesses
-0” .- , unequal - . —

A . 22. eoual - -
D “ “-’””. unequal - .

-v ‘24.”-
All rivefs A17SL d= ~ in., sheet 24ST-

P :
Ilv

v ~
>v 0

Vo>
3 0
P rP:

0

5=
~. b.. ..bdg 1) 0

bd? &.

1 2 3d4 5 6 i

FrGK!B~‘X2-Test res.’ultsfor single-shearing and tenaifespeeinrens, manufacturer E. Points in the upper series indicate the stress at failure. Directly holow crichof theso o
corresponding point is shown to irrdieateby number and letter Syrnbok the rivet duefir in ~its OfW ~ch and the type Off~fl~e (table ~). rmPQctivolY.
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FmUBE 23.
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—Test result-sfor double-shearing spesimens, manufacturer E.
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FIGUEE21.—Test results for tensile speeimens, mrmufacturer D.

FIGURE24.-Tc.qt ratits for single.sh~ring md ~nsi]e ~pe~i~e~,“rrmrmf~~trrre~F. p~titsintheu~~e~S~~@i~di~tethe~t~~atf~ue.. Dfre~tl~beloweachOfthesea
.

corresponding point Is shown to indicate by number and letter symbols the rivet diameter in units of ~Z iueir and tbe type of failure (table VII), respectively.

407300°—41—32
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extremes of the available range of d/t ratios. It is
possible that an extension of the range of d/t ratios
investigated would alter the picture in this respect, but
such extreme values of d/t are of little practical
importance.

A trend of variation with respect to d[t is evident in
the type of failure as well as the strength of the dimpled
joints, as follows:

djt ratio

Lessthan2.8-------
2.8-4.9(about60per-

centof the dimpled
joints testedfall in
thisrange).

Greater than 4.9----

Nature of failures(seetable VII)

Rivet failure (type j) exclusively.
‘JY~a~~nal between rivet and sheet

Typ~ j (witha,d?oreinsomeeaeee),
particularly m lower part of

T~g;j and a few type i (manu-
facturerB only), togetherwith a

60

,
8

\ \\ \\ 0 ,\

50
0

0

\

ki \ \\
0

\

< 80100120140160180
‘;40 Sb, 4000 lb Isq in
Q
* 1 1
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2 loini 4f
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<30
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FIGUSE26.—Test results for tensile specimens, mmurfricturcrQ.

Fmurm %’.-Test tits for sirrgkhearfng mrd tensffe speeimerrs, mrmufactumr NAF. Points in the upper series indicste the stress at failure. Directly below each Of
thesesmn%pcurdingpGirrtisshownh indicatebynumber~d lettersymbolstherivetdismeterinunitsof %2 inch rmd tbe type of frdhrm(table VII), rcspcotivo]y.
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FIQW~EZS.-Tcst results for double-shearing specimens, manufacturer
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FIGURE30.—Test results for NBS A17ST press-drken speeial-oval.eomrtersnnkhearl

riveted doubkshenring spwirrrerrs.

FIGURE29.-Test results for NBS A17ST press-driven special-ovrd-eountersrmk-head riveted single-shearing and tensile speeimens. Points in the upper series indieata the
stress at failure. Directly below each of these a emrespondmg point is shown to indicate by number and letter symbols the rivet diameter in units of )4z inch and the
type of failure (tnble VII), respectively.
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FIGURE31.—Test reardtsfor NBS A17ST hammer-driven speeiol-oval-eounte--hud riveted single-shearing and tensile speekuens.
Points in theupperseriesIndlcnto

thestressatfailure. Directly below each of these a eorrespondmg point is shown to indirate by number end letter symbols the rivet diameter in units of %2 inch ond
the type of failure (table ~, r=PectivelY.
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FIQWEE32—Test results for NBS A17ST hmumer-drhn speefal-mmLeormte*-
heed riveted double-shearing speefmens.

FXG~E 34.-Test results for NBS 17ST press-driven speelal-ovol-countcmunk-bend
riveted double-sheming specimens.
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It is to be noted that the values bounding the three
ranges of d/tratio closely correspond to the values at
which the lines (2), (3), and (4) for dimpled joints
join each other in figure 40. The relationship of strength
to failure type may easily be seen by considering to-
gether the dependence of strength on d/tratio according
to figure 40 and of failure type on dlt ratio according
to the preceding tabulation and regarding this latter
quantity as a parameter.

FIOUl?E33.-

60
Mfr. N BS

Joint 72
❑ 24S T olclodshee f
o 24S T sheet
A 24SRT “

50

e..

g
a
~ 40 \ \ \
a
o
Q..

h’
w \ q~ &
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%3 o
40 J ,

60
b
c

Sb ,
..
~ 4000 P

Q
lb /Sq. Ih. /20

‘ 100
6

20
80

~j ~.
—4 ~ ~ #+ , ?, ‘ E-i

k?5] ‘~ Sj 4 ~ ~j
0#

Jo

05oj

0123456 7
d

7
-Test rcsultc for NBS 17ST press-driven special-oval-eountirsunk-head ril

material; when shearing stresses are critical, joints in
alclad material are slightly stronger than joints in 24L’3T
and 24SRT, and vice versa -when bearing stresses are
critical. No significant difference can be found in the
data between press-driven and hammer-driven rivets.

In some cases dimpled rivets had nearly twice the
shearing and bearing strength of brazier and counter-
sunk rivets. l?igure 41 shows that, in general, the joints
of manufacturer G (type 11) had the greatest strength,

d
-r

7eted single-shearing and tensile specimens. Points in the upper series indicate the
stress at failure. Directly below each of these a corresponding point is shown to indicate by number and letter smnbofs the rivet diameter in units of %4 inch and the
typo of failure (tnble VII), respectively.

l?igure 41 shows, on a diagram similar to figure 40,
the detailed comparison among dimpled rivets between
the various manufacturing techniques and rivet types.
ll!ach line on figure 41 is to be interpreted in a similar
manner to those on figure 40.

An examination of the results for the single-shearing
specimens discloses the following significant points:

The critical shearing stress for protruding-head rivets
is the same as for machine-countersunk rivets of the
same alloy but, for protruding-head rivets, the critical
bearing stress and the dlt ratio at which bearing stress
becomes critical are higher. The scatter of the results
on these joints is partly due to diilerences in sheet

and that the difference between results (for type-n
joints) from different manufacturers is considerable.
No conclusive explanation of this difference can be given,
but a comparison of the photomacrographs (fig. 8)
of the type-11 joints having the greatest strength (D
and G) and the others (B and F) shows that in the
stronger ones the sheets conform more closely to each
other and to the rivet, with little or no void between
them and a greater portion of the manfuactured head
in contact with the sheets. The test results for type-11
joints (fig. 25) show no significant difference in the
shearing strength of dimpled joints employing A17ST
and 24ST rivets. These considerations support the con-
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elusion that details of design and techniqye of fabrica-
tion predominate in determining the &rength of a
dimpled joint.

Over a limited range of d/t the type-41 joints were
approximately equal to ‘the best type-11 joints in
strength; the results for the type-41 joints were unusually
consistent.

TENSILE

A general classification with respect to principal types
of failure, similar to that made for single-shearing
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J?or tensile joints, these three classes do not cor-
respond to any well-marked trends of the plotted data.
No quantitative criterions are known, analogous to shear-
ing stress (for rivet failure) and bearing stress (for sheet
failure) in the case of shearing joints, to which critical
values defining the tensi.le-str+ngth-of-a-=jeint -may=-be.
assigned.

The stress, which is actually critical for rivet failure
(except type m, tensile shank failure), is a combined
bending and shearing stress on a cylindrical surface;
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joints, may also be made for the tensile joints as
follows:

I
dil ratio I Nature of failures (see table VII) II

I

Lessthan 2.1-------- Rivet failureexclusively:
A few type m at the leastvaluesof

d/tratio (NBS only).
Type h.

2,1-4,0 -------------- Transitional between rivet and sheet
failures:

Type h or dh (one type i, mfr. B).
Type b, or bd with or without g or h.
So~rt~pe c, or ce with or without

A few type g.
Greater than 4.0----- Sheet failure exclusively:

Type bd or ce with or without g.
Type g with or Without d or e.

I

--

the cylindrical surface is the projection into the head
of the lateral surface of the shank.

l?or sheet failure, the stress that is actually critical
is either a hoop stress around the edge of the hole or,
for some dimpled joints, a combined shearing and bend-
ing stress at the most sharply curved section of the
dimple.

Up to a djt ratio of about 4, type-41 joints had the
greatest tensile strength; for d/tratios above 4, type-31
joints were stronger. Ty-pe-21 and type-24 joints had
the least tensile strength.

The low tensile strength of some of type-21 and type-24
joints was definitely identified with the cracks in the
sheet at the rim of the dimple, shown in figure 10 (d)
and (f). In type-g failures the fractures occurred at
the location where cracks were found in some of the



. ..
... -

492

FIoum39.-

REPORT A’O. ’701—NATIOFWL ADVISORY COMNWI’TEE FOR AERONAUTICS

0

~51 E22 .G/l F// A .62
6j “ 4j 5adg . 5adeh 5abd

—. .-——. . ——

D II G/l ,
3ce 3abde ~

II

1’ cm A 66 c 35 E 25
q 6/ 5k, 4abdef

1

-T@wd foilures of test speeimens. The symbols designate the manufacturer, the joint number (fig. 6), the rivet dfemeter fxI~te of %Z-~Cb. and
feifnre (table VIf).

ttlotypo0!



,,,;,. -r, ,.

MECHANICAL PROPERTIES OF FLUSH-RIVETED JOINTS

/ / /,

I

60

50 I I

(2)—— .—. \

40 A
.s’Xw..\m\\

c..

$
4
;

(2)

0
Q..

g 30

f
w

F,.
&
u
$

20- /

/

Dimpled J“oiirts
uluu.uWwlull~ Protruding (brozier)-head joinfs,A 17S T rivefs (NBS)
‘ZZz&++/a//zZZzL4 Mochine-countersunk II “ “ (“)
WWIUY+*IW .! ,?

Io
. ; 17ST ‘! -

- —--------- ,, . “ , 24S7 ‘, {MfiA)
,, . ,,

:
, 17ST “ ( u F)

U ,, . ,A17ST :;::;
E ,, ,, “ >“

o 40 80 120 160 200
Beuring sfress, L000 lb /sq in.

FIGUEE40.—Summsry of test results for all single-sheering specimens. The numbers in parentheses are explsmed in the text.



. . .

494

60

50

2C

REPORT NO. 701—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Beoring sfress, i.000 lb ~sq in.

FIGUBE4L-sunrmerY of test results for fdf dimpled single-sheerfngspeeimens.

joints. However, it is improbable that all of the joints I of the sheet commenced underneath the head at the
~ailing by type g had cracks. Type-g failure was not
confined to type-21 aud type-24 joints.

At the higher values of d/t,many of the joints failed
by pulling the driven head through the sheet, but it is
not believed that in many cases the tensile strength
would be appreciably increased by increasing the
driven-head diameter (given in table VI) because tearing

edge of the hole.

DOUBLE SHEARING

Fewer types of double-shearing specimens were sub-
mitted than types of single-shearing and tensile speci-
mens, and the range of d/tcovered by each type was
generally less. Consequently a classification of failure
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types, like those made in the preceding sections, is more
difficult. Rivet failure (type j) exclusively occurred
when d/t was less than 3.6 and transitional failures
(types k and 1, mingled with type j and with type b)
occurred when djt= 3.6–6.8. No specimens having a
dlt ratio greater than 6.8 were tested.

l?or machine-countersunk joints (manufacturers A
and NBS) the ultimate shearing and bearing stresses
had about the same relation to d/t ratio as for the
single-shearing joints of these manufacturers. I?or
self-dimpliig rivets (manufacturers C and N~) the
ultimate shearing stress was lower than for comparable
single-shearing joints. This effect may probably be
ascribed to the longer grip in double-shearing joints as
compared with single-shearing joints of the same d/t
ratio, which results in a shallower dimple. No double-
shearing joints were submitted that would show whether
the great superiority of some dimpled single-shearing
joints over machine-countersunk joints could be
reproduced for double-shearing joints.

The type-45 joints and the type-66 joints having
24ST rivets had the greatest strength of all double-
shearing joints submitted.

CONCLUSION

The mechanical properties of a joint, its surface
smoothness, the occurrence of cracks and the cost of
production are all determining factors in selecting a
flush-riveted joint. The importance of each of these
interrelated factors must be decided by the manu-
facturer for each particular application. l?or this
reason it seems impracticable to rate individual types
or to make a general statement regarding their merits.

Concerning the strength of flush-riveted joints in
aluminum-alloy, the following conclusions may be
drnwn from data obtained in this investigation:

The optimum value of d/t ratio was the highest
value for which shearing stress alone is critical, unless
a high tensile strength is important, in which case a
somewhat lower d/tratio may be indicated. Approxi-
mate average values for the optimum d/t ratio,
neglecting tensile strength, were as follows:

Class of joint dlt

Single-shearingmachinecountersunk------------------ 2.1
Sh@e-shear~ngdimpled------------------------------ 2.8
Single-shearingprotruding(brazier) head-------------- 3.7
Double-shearing------------------------------------ 3.6

At d[t ratios below 2.1, machine-countersunk joints
had approximately the same shearing strength as bra-
zier-head riveted joints. This strength was slightly
higher for joints in alclad sheet than for joints in other
sheets of the same alloy. Although dimpled joints of dif-
ferent designs from different manufacturers showed wide

variations in strength, almost all of the dimpled single-
shearhg joints having a d/t ratio above 2.1 showed an
important advantage in strength over’ machine-counter-
sunk joints. This value of d/t is probably the lower
limit at which satisfactory dimpling can be performed.

A detailed comparison of the strength of the various
types of single-shearing joints submitted by manufac-
turers for this” investigation is shown in figures 40
and 41.

The number of cracks found in randomly selected
dimpled joints emphasizes the need for avoiding severe
bends when flanging the sheet to form the dimple.
Unfortunately, it does not seem practicable to use a
bend of long radius at the dimple without introducing
bulging of the sheets and a crevice between the manu-
factured head and the sheet. The recent trend toward
a larger included angle of the manufactured head
(100°–1200) seems to offer a partial solution to this
difficulty in that the smaller bend angle at the dimple
permits a sharper bend without danger of rupture;
some reduction in the shearing strength would be ex-
pected to accompany this increase in the included
angle. The tensile test of joints was found to be
effective in detecting circumferential cracks in the sheet
at the edge of the dimple.

NATIONAL BUREAU OF STANDARDS,
WASHINGTON, D. C. ~ovember, 1939.
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